BACTERIAL ENDOCARDITIS following intracardiac surgery for congenital defects with use of extracorporeal circulation is a new entity, as old only as open intracardiac surgery. The reported experience is therefore meager. Suggestions regarding its pathogenesis, recognition, behavior, management, and prevention are few.
Heins and Lindel reported five cases of bacterial endocarditis in a series of 205 heart defects repaired with extracorporeal circulation. They stress the facts that the classical signs usually associated with bacterial endocarditis are absent and that the bacterial flora encountered is unusual and frequently antibiotic resistant. Two of their patients acquired their infection with achromobacter from a contaminated heart-lung machine when ethylene oxide sterilization rather than autoclaving was employed. One of their five cases died. Of additional interest, fever occurring shortly after surgery was the only clue that ultimately led to diagnosis. the infected suture was removed at a second operation 1 year later.
Two proved and one suspected case in a series of 20 operative procedures performed by our group for congenital cardiac defects performed with extracorporeal circulation prompted this report. It is thought that certain suggestions regarding its management might be deduced from the cases reported. Questionnaires sent to several groups performing this type of surgery are the basis for a summary of additional experience.
Case Reports Case 1 A. M., an 11-year-old girl was admitted to the hospital for surgical repair of an interventricular septal defect. On physical examination a grade-IV pansystolic murmur was audible over the entire precordium with maximal intensity in the pulmonic area. A grade-II middiastolic murmur was also heard at the left sternal border and at the apex. Staphylococcus aureus hemolyticus, coagulase positive, was found in culture of the nose and throat. This organism was sensitive to nine antibiotics including penicillin, ehloramphenicol, and erythromycin.
On November 12, 1958 pal spasm, and fever to 103 F. By the second postoperative day his temperature had reached 105 F., and carpopedal spasms with turning of the head to the right side and coma supervened. The white cell count was 18,000. A diagnosis of cerebral edema secondary to transient superior vena caval obstruction was made. A neurosurgeon advised acetazolamide (Diamox) 250 mg. intramuscularly daily, diphenylhydantoin sodium (Dilantin) 100 mg. intramuscularly every 4 hours, and phenobarbital in 0.060-Gm. doses as necessary to control convulsions. Cooling by use of a water mattress was also employed. The child's condition gradually improved with lightening of coma and subsidence of temperature to between 97.2 and 101 F. By the eighth day his sensorium cleared and blood cultures were negative, so that the chloramphenicol and the Diamox were discontinued.
On the ninth postoperative day he was digitalized because of a persistent tachycardia. Temperature again rose to 105 F., the white cell count was reported as 35,250, and erythromycin, 500 mg. every 6 hours, was administered. Blood cultures taken this day before starting erythromycin were sterile. During the next 48 hours fever to 102.6 F. persisted, and 10 million units daily Circulation, Volume XXIII, April 1961 of sodium and potassium penicillin were given by continuous intravenous drip. The murmur was of considerably diminished intensity. After another week, the general condition of the patient improved so markedly, and the temperature response had been so gratifying that, in the face of blood cultures which were repeatedly negative, intravenous penicillin was discontinued. Cultures taken during the next 2 days revealed hemolytic staphylococcus aureus resistant to all antibiotics except ehloramphenicol, albamycin, kanamycin, vancomyein, and ristocetin. Since the sensitivity studies were not reported for some days, erythromycin was continued and 25 million units of penicillin were given daily by continuous intravenous drip as well as 500 ing. of probenecid every 6 hours. A week later because of continued fever, erythromycin was replaced with novobiocin, 500 mg. every Because of the ubiquity of the Staphylococcus no single measure can assure absolute sterility in the operating field.6 Elaborate measures have been taken by some to control air-borne infection. These have included special masking devices in helmet form with an impermeable substance covering the nose and mouth and suction tubes to carry away exhalations. Careful attention to footwear and to traffic patterns, with introduction of decontamination zones prior to entry into the " sterile'" operating area, are practicable measures.9 Virtual elimination of conversation during surgery is indeed advisable. The use of ultraviolet light in the range of 2500 A ± 200 (Ehrissmann and Noethling) to be used in the operating theater at all times is of proved value in greatly reducing the number of air-borne bacteria but has not found wide acceptance.10 11 Recently the incorporation of ultraviolet radiation into the air-conditioning system of the operating room has been reported to be of great benefit.12 4LORD, IMPARATO early postoperative period, however, frequently with marked alteration of physiologic processes, conceivably defensive mechanisms could be so unalterably changed that an unrecognized failure to defend against infection also exists. In experimental animals19 endocarditis can be produced on normal heart valves by the intravenous injection of staphylococci in the presence of arteriovenous fistulas. Presumably this occurs because of the increased work load imposed on the heart by the fistula. Dietary deficiency, shock injection of polysaccharides, bacterial extracts, cortisone, dinitrophenol, thyroxine, and organic acids, each is said to increase susceptibility to endocarditis.20 Therapy Antibiotic therapy is of inestimable value in the treatment of the proved case of endocarditis. As prophylaxis, especially in the dosages usually employed, its value is debatable. Both of our patients received prophylactic antibiotics postoperatively; case 1 receiving it for 48 hours preoperatively as well. One developed infection with a chloramphenicol-sensitive strain after having received 2 Gm. of chloramphenicol intravenously for 6 The use of massive doses of penicillin as an adjunct in the treatment of "penicillinresistant " staphylococcal infections is controversial. Resistant strains of this organism are found to produce penicillinase, which converts penicillin to penicilloic acid thus inactivating it. Penicillinase inhibitors (trypsin, chymotrypsin, quinine, and others) prevent this process. It is reasoned by some that perhaps penicillin itself in sufficient concentration will exhaust penicillinase activity.
The crux of the controversy seems to hinge upon whether intrabacterial penicillinase can be so inhibited. Neither the need nor the ability of penicillin to accomplish this seems definitely settled. Clinical experience indicates that except when definitely penicillinsensitive strains are encountered, even massive doses of penicillin used as the sole antibiotic cannot be relied upon to bring about clinical cure. 22 The occurrence of 39 per cent of all the cases of endocarditis recorded here in the 12 per cent of patients in whom prophylactic preoperative antibiotics were used is striking. Whether unproved cases were cured by antibiotics or prevented by certain aspects of technic cannot be said at the present time. If the experience in the reported series is significant, it would appear that the preoperative prophylactic use of antibiotics is associated with a higher incidence of postoperative endocarditis. All groups here reported used prophylactic antibiotics postoperatively.
Recognition of Endocarditis
The detection and management of endocarditis poses special problems. Heins and Lindel stated that fever soon after surgery was often the sole clue. studies might not result in earlier diagnosis and more adequate and specific treatment with the very large doses of antibiotics required for eradication of this type of infection. Conclusions In conclusion, it would appear that the incidence of postoperative surgical endocarditis in patients who have had extracorporeal circulation for repair of congenital cardiac defects represents an unusual complication sustained not because of the casual low-grade contamination that occurs in every well-managed operating theater but rather because of massive contamination such as from contaminated blood, contaminated heart-lung machines, septic thrombophlebitis, or complete breakdown of aseptic technic. Early detection, as early as 24 to 48 hours postoperatively, depends entirely upon drawing frequent blood cultures, since it is during this period that fever, the major and frequently the only sign of postoperative endocarditis, occurs so often from relatively minor causes (atelectasis, blood in serous cavities, etc). Treatment for the proved case should probably be prolonged, specifically based upon studies of antibiotic bacterial sensitivity and probably include the use of bactericidal as well as bacteriostatic agents. Failure to respond to therapy or relapse after apparent response should lead to serious consideration of reoperation to remove infected foreign material from within the heart.
